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with a polymer compound. Among the polymers utilizable are polyamide resins, 
vinyl polymers, thermosetting resins, polyester resins, polyamide resins and the like. 
Related disclosures are found in U.S. Patents Nos. 4,739,007 and 4,889,885, both of 
which are incorporated herein by reference. 

In recent years the clay-polymer composite materials above discussed have 
been referred to as "nanocomposites", a term which reflects their property of 
exhibitingultrafine phase dimensions, typically in the range l-100nm. The number of 
nanocomposites based on smectite-type clays and linear thermoplastics is growing. 
Wang and Pinnavaia, e.g., have reported delamination of an organically modified 
smectite in an epoxy resin by heating an onium ion exchanged form of 
montmorillonite with epoxy resin to temperatures of 200-300°C. Chemistry of 
Materials, vol. 6, pages 468-474 (April, 1994). Similarly in United States Patent No. 
5,554,670, which is incorporated herein by reference, an epoxy-silicate 
nanocomposite is disclosed which is prepared by dispersing an organically modified 
smectite-type clay in an epoxy resin together with diglycidyl ether of bisphenol-A 
(DGEBA), and curing in the presence of either nadic methyl anhydride (NMA), 
and/or benzyldimethyl amine (BDMA), and/or boron trifluoride monoemylamine 
(BTFA) at 100-200°C. Molecular dispersion of the layered silicate within the 
crosslinked epoxy matrix is obtained, with smectite layer spacings of 100A or more 
and good wetting of the silicate surface by the epoxy matrix. Additional recent 
references evidencing the increasing interest in nanocomposites incorporating 
organoclays in polymer matrices include United States Patent Nos. 5,164,440; 
5,385,776; 5,552,469; and 5,578,672, all of which are incorporated herein by 
reference. 

Thus in a typical procedure for preparing a nanocomposite, the smectite clay, 
most commonly a montmorillonite, is treated with an organic ammonium ion to 
intercalate the organic molecule between the silicate layers of the clay, thereby 
substantially swelling or expanding the interlayer spacing of the smectite. (The 
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BRIEF DESCRIPTION OF DRAWINGS 

In the drawings appended hereto: 

5 FIGURE 1 is a wide angle X-ray scan pattern for an organoclay in accordance with 
the present invention; 

FIGURE 2 is a wide angle X-ray scan pattern for a clay-polymer nanocomposite 
prepared using the organoclay depicted in Figure 1 ; 
1 0 FIGURE 3 is a wide angle X-ray scan partem for a prior art ester quat-based 
organoclay; 

FIGURE 4 is a wide angle X-ray scan pattern for a clay-polymer nanocomposite 
prepared using the organoclay the scan for which is depicted in Figure 2; 

15 

FIGURE 5 is a wide angle X-ray scan pattern for a prior art quat-based organoclay, 
where the quat does not include esterified radicals; and 

FIGURE 6 is a wide angle X-ray scan pattern for a clay-polymer nanocomposite 
20 prepared using the organoclay the scan for which is depicted in Figure 5. 

DFTAIT ,ET> DESCRIPTION OF THE INVENTION 

The quaternary ammonium compounds which are reacted with the smectite 
2 5 clays to produce the organoclays of the present invention are high in diester and low 
in triester content. They are obtained by reaction of Cn - C22 fatty acids or the 
hydrogenation products thereof, or a mixture of such acids, with an alkanolamine in 
the presence of an acid catalyst, wherein die ratio of fatty acid to alkanolamine is from 
about 1.40 to 2.0. The resultant ester amine reaction products are subsequently 
' 3 0 quaternized to obtain quaternary ammonium salts for reaction with the smectite. In an 
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wherein: 

X, X' and X" are the same or different and are selected from straight or branched 
chain, optionally substituted oxyalkylene or polyoxyalkylene groups having from 2-6 
carbon atoms, in other embodiments, 3-6 carbon atoms, where the oxyalkylene units 
number from about 1-10, in other embodiments, 1-5, and in other embodiments, 1-2; 
each R group is individually selected from straight or branched chain, optionally 
substituted alkyl groups having from 1 1 to 23 carbon atoms, Y is an alkylphenyl 
group or a straight or branched chain optionally substituted d to C« alkyl or alkylene 
group; and Z" represents a softener compatible anion including, but not limited to, 
halogen, CH3SO4 or C2H5SO4 . 
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or ester thereof into the trans-isomer, in the presence of a metallic catalyst Other 
methods are readily apparent to and well within the skill of one of ordinary skill in the 
art 


The quaternary ammonium compounds may generally be prepared by reacting 
at least one C12-C22 fatty acid having a IV of from 20-90 with an alkanol amine in the 
presence of an acid catalyst The ratio of acid to amine is, in one embodiment, in the 
range of 1 .4 to 2.0, and the reaction is carried out at a temperature of from about 
170°C to about 2S0°C until the reaction product has an acid value of below about S. 
A heat up rate of at least about 0.8°C per minute is employed in order to minimize 
triester formation. The esterification products are subsequently alkylated in order to 
obtain the quaternary ammonium product. 

In another embodiment the present invention contemplates a family of 
quaternary ammonium esters which are derived from ether alkanolamines. Said 
quaternary ammonium esters are of the general formula: 
O 

(R-C-X^NMO)^ T 

n is an integer of lor 2, R is a C3 to C23 straight or branched chain, optionally 
substituted alkyl group, each X can be die same or different and is selected from 
straight or branched chain, optionally substituted oxyalkylene or polyoxyalkylene 
groups having from 2-6 carbon atoms; each Q can be the same or different and is 
selected from a oxyalkylene or polyoxyalkylene group, or a straight or branched 
chain, optionally substituted alkyl, alkylene, alkylphenyl, hydroxyalkyl, 
hydroxyalkylene, wherein at least one of said Q groups is a C2 to Q linear or 
branched chain oxyalkylene or polyoxyalkylene capped with a Ci to alkyl, or an 
alkyl phenyl group; and Z" is a compatible anion. 
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to ether alkanolamine. 

fa an embodixnent, the preparation of a high diester quaternary ammonium 

mixture includes reacting: 

I) a C U - C* substituted or unsubstituted fatty acid or mixture of 
^.ddil^inlbdi-Vdoecfta^aOlDA^ 
90, and having less than about 20% trans double bonds, with 
jj) an ether alkanolamine of the formula: 
R-N-Ri 
I 

R 2 
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wherein R is a d-C«alkyl ether, and each of RiandFfeis 
independently selected from C 2 - Q hydroxyalkyl groups, wherein the molar ratio of 
said fatty acid to ether alkanol amine is from about 1.4 to about 2.0, in other 
embodiments, from about 1.6-1.9, and quaternizing the resultant ester amine mixture 
in order to obtain an improved high (tester quaternary ammonium mixture. 

Ether alkanolamines include, but are not limited to, 
memoxyemyldiethaiiolanrine, memoxypropyldiedianolamine, 
methoxybutyldiemanolamine and mixtures thereof. The high diester quaternary 
ammonium mixture derived from ether alkanolamines in accordance with an 
embodiment generally has a diester content of at least 70 wt%, in other embodiments, 
greater man about 75 wt%, and in other embodiments, greater than about 80 wt% on a 
100 wt% active basis. 

Compositions having high diester content and low triester content demonstrate 
superior performance particularly in preparation of nanocomposites as compared to 
typical ester amine quaternary compounds. 

In an embodiment, the smectite is a natural or synthetic clay mineral examples 
of which include, but are not limited to, hectorite, montmorillonite, bentonite, 
beidelite, saponite, stevensite and mixtures thereof. In an embodiment, the smectite is 
hectorite. 

In an embodiment, for preparing the organoclay composition, the smectite 
mineral such as hectorite is crushed, ground, slurried in water and screened to remove 
grit and other impurities. In an embodiment, the smectite is converted to the sodium 
form if it is not already in this form. This may be effected, as known in the art, by a 
cation exchange reaction, or the clay may be converted via an aqueous reaction with a 
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soluble sodium compound. The smectite mineral is men subjected as a dilute (1 to 
6% solids) aqueous slurry to high shearing in a suitable mill. In an embodiment, this 
shearing uses a homogenizing mill of the type wherein high speed fluid shear of die 
slurry is effected by passing the slurry at high velocities through a narrow gap, across 
5 which a high pressure differential is maintained. This type of action can e.g. be 
effected in the well-known Manton-Gaulin ("MG") mill, which device is sometimes 
referred to as the "Gaulin homogenizer". Reference may be made to U.S. patents 
Nos. 4,664,842 and 5,110,501, both of which are incorporated herein by reference, 
(assigned to the assignee Southern Clay Products Inc.) for further details of such mill. 
10 The conditions for use of the MG mill may, in an embodiment, be substantially as in 
the said patents; e.g. die said pressure differential across die gap may be in the range 
of from 70,300 to 562,400 g/cm 2 with 140,600 to 35 1,550 g/cm 2 being more typical in 
representative operations. 

15 Depending upon the specifics of the equipment, pressures higher man 562,400 

g/cm 2 may readily be used. The slurry to be treated may be passed one or more times 
through the MG mill. Among additional instrumentalities which may be effectively 
utilized to provide high shearing of the clay component, is the rotor and stator 
arrangement described in the assignee Southern Gay Products' U.S. Patent No. 

2 0 5, 160,454, which is incorporated herein by reference. Following the high shear step, 
the slurry is intermixed with the quaternary ammonium salt and the reaction slurry 
may again be subjected to high shearing by one or more passes through the MG or 
other mentioned instrumentalities. The slurry is thereupon dewatered, and the 
quaternary ammonium-treated clay dried and ground to provide a dry organoclay 

25 product. 

When used in composites such as nanocomposites, the organoclay 
compositions of the invention yield unexpected improvements in the mechanical and 
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other properties of the composite, including with respect to tensile strength, tensile 
modulus and flex modulus, all of which are highly significant attributes for the 
plastics and similar formulations. 

5 The organoclays may be used in preparing nanocomposites by any of die 

methods which are set forth in the prior referenced patents, and with a large variety of 
polymerizable resins such as polyamides, epoxy, polyvinyl, polyacrylamide, etc. 

The invention will now be illustrated by examples, which are to be regarded as 
1 0 illustrative and not delimitative of the invention. Unless otherwise indicated to the 
contrary, all parts and percentages are by weight. 

Example 1 

An organoclay composition was prepared from a smectite mineral clay which 
15 was processed as above described, i.e. crushed, ground, slurried in water and 

screened, converted to its sodium form, and then subjected to high shear by being 
passed as a dilute slurry through an MG mill, and men as a slurry treated with the 
quaternary ammonium compound in accordance with the invention. This quaternary 
composition was a Chester quat in admixture with further quaternary ammonium 
2 0 compounds having esterified radicals, especially compounds having three esterified 
radicals (hereinafter "triester quats"); or compounds having a single esterified radical 
(hereinafter "monoester quats"). The reaction forming the organoclay was between 
the smectite clay and the quat mixture. The Chester quat was present as greater than 
55 wt% of the quaternary mixture; and the triester quat was present as less than 25 
2 5 wt%, with the fatty acids corresponding to the esters in the mixture having a degree of 
unsaturation such that the iodine value ("IV") is from about 20 to about 90. A wide 
angle x-ray scan pattern for the product resulting from the reaction is shown in Figure 
1, where the detected reflection intensity in counts/second is plotted against the D- 
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spacing in Angstrom Units. The 001 reflection peak indicates a remarkably high Dooi 
spacing for the organoclay of 59. 1 A, and suggests that the organoclay will exhibit a 
very high exfoliation efficiency in nanocomposites. 


5 wt% of the organoclay powder of Example 1 was premixed with high 
polystyrene ("HIPS") pellets by mechanical means. 50 to 60 g of this dry blend was 
added to a Brabender mixer which was then operated at 60 rpm. The temperature of 
the mixer was varied from 190° C to 230° C. The time of melt blending in the mixer 
was varied from 15 minutes to one hour. At the end of the prescribed time, the 
molten mixture was extruded from the Brabender. The resulting nanocomposite 
sample was prepared for x-ray analysis by pressing the mixture in a Wabash press 
with the platens heated to 1 50° C. at a pressure of 7,500 to 10.000 p.s.i. for one 
minute. A 1-1/8" by 1-1/8" square was cut from the sample for analysis. The 
resulting wide angle x-ray scan pattern is shown in Figure 2. The Dooi reflection 
peak of the organoclay is completely gone in this composite indicating very high 
exfoliation of the organoclay in the HIPS matrix. 

Pjample 3 

In this Example an organoclay sample was prepared using the procedure of 
Example 1, except that in this instance the quat used was a diester quat (based on 
tallow), which in part differs from the quat used in Examples 1 and 2 in including 
methyl groups on the remaining two -N bonds, whereas the Example 1 quat includes a 
hydroxyethyl group on one of the said remaining -N bonds. A wide angle x-ray scan 
pattern for the product resulting from the reaction is shown in Figure 3 .The 001 
reflection peak indicates a Dooi spacing for the organoclay of 39.5 A, which is not as 
17 
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high as the sample of Example 1 , although still suggesting that die organoclay will 
exhibit a reasonably high exfoliation efficiency in nanocomposites. 

Example 4 

5 

The procedure of Example 2 was used in preparing a nanocomposite, with the 
organoclay being that prepared in Example 3. The wide angle x-ray scan of mis 
nanocomposite is shown in Figure 4. The Dqoi reflection peak of the organoclay is 
completely gone in this composite indicating high exfoliation of the organoclay in the 

10 

HIPS matrix. The peak in the curve marked as 34.2 is probably the 002 reflection. 
This would indicate anOOld spacing in the exfoliated clay of at least 70 A. 

15 

In this Example an organoclay sample was prepared using the procedure of 
Example 1, except that the quat used was that disclosed for use in preparing the 
organoclays described in commonly assigned U.S. Patent No. 5,739,087, the contents 
of which is hereby incorporated by reference. The said quat is a branched chain 

20 structure, and is not an ester quat The corresponding wide angle x-ray appears in 
Figure S, from which it is seen that the 001 reflection peak indicates a Dooi spacing 
for the organoclay of 19.0 A, which is lower than the sample of Example 1, and 
neither as high as the spacing of the sample in Example 3. This indicates mat the 
organoclay will exhibit a considerably lower exfoliation efficiency in 

25 nanocomposites. 

Example 6 
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